Illustrations
The research begins with an overview of the gunship's current capabilities, roles and missions followed by a summarization of current and future non-lethal weapons. There appears to be current and emerging weapons technology which shows great potential in fulfilling the non-lethal requirement for Air Force Special Operations Command's AC-130 Gunships. Many issues, however, must be addressed before these weapons are fully integrated into the AC-130's arsenal. Technical and engineering evaluation, funding, training, doctrine reviews, safety, and legal concerns are some issues requiring further assessment.
Given the capabilities and flexibility of the gunship and mission suitability, nonlethal weapons integration will enhance US military mission accomplishment by providing commanders a full range of weaponry from an airborne platform which was not previously available to them.
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Chapter 1
The Research
Real exploitation of air power's potential can only come through making assumptions that it can do something we thought it couldn't do…We must start our thinking by assuming we can do everything with airpower, not by assuming that it can only do what it did in the past.
-Col John Warden
Background
With the increasing need for US military involvement in operations other than war, AC-130 Gunships have been the air-weapon of choice to provide close air support.
However, being armed with only lethal weapons has restricted its ability to more effectively carry out those types of missions or support friendly ground troops in certain environments. Guideline documents of the US Department of Defense (DOD) define non-lethal weapons as "Weapons that are explicitly designed and primarily employed so as to incapacitate personnel or material, while minimizing fatalities, permanent injury to personnel, and undesired damage to property and the environment. Unlike conventional lethal weapons that destroys their targets principally through blast, penetration and fragmentation, non-lethal weapons employ means other than gross physical destruction to prevent the target from functioning. Non-lethal weapons are intended to have one or both of the following characteristics: 1) they have relatively reversible effects on personnel or material, 2) they affect objects in subjective ways within their area of influence." 1 
Problem Significance
The effects of precision application of non-lethal weapons, coupled with the standoff capability and significant time on station that the AC-130 Gunship can provide, may have the potential for providing new strength for diplomacy, new creditability for deterrence, new flexibility for the military, and new strategic options for policy makers. Air Force Special Operations Command (AFSOC) requested this study and if found feasible, new doctrine and tactics may be developed for employment and application.
Research Question
Is the integration of current non-lethal weapons on existing AC-130 Gunships, for use across the full spectrum of military operations and particularly during Military Operations Other Than War, feasible?
Scope
The research performed and recommendations presented in this report are reasonably broad based but limited in magnitude due to two primary reasons. First, this paper will primarily focus on immediate and short term solutions which may be compatible with current AC-130 Gunships' onboard weapons and equipment. AFSOC is presently exploring the more advanced technologies which will be incorporated into the futuristic AC-XXX gunship or during modernization upgrades of existing AC-130 Gunships.
Second, this research was intentionally limited to the examination of open sources.
Several areas and associated technologies are classified or still of a sensitive nature due to political or contractual agreements.
Research Methodology
The research method utilized for this paper involves the review and analysis of a collection of numerous books, documents, periodicals, DOD, Joint Staff, United States Air Force and United States Marines directives, publications, instructions, and reports.
Overview
Chapter 1 is the introduction which outlines key issues such as the background, significance, scope, methodology, and research question. An introduction to AC-130
Gunship's capabilities and roles, to include examples of various missions is provided in Chapter 2. Chapter 3 reviews a broad-spectrum of current non-lethal technologies. An assessment of non-lethal weaponry which may complement existing gunship's weapons, equipment and capabilities is presented in Chapter 4. Conclusions are summarized and recommendations are proposed in Chapter 5.
Notes
Chapter 2
The AC-130 Gunship
There have existed in all times fundamental principles, on which depend good results in warfare…These principles are unchanging, independent of the kind of weapons, of historical time and of place.
-Antoine Henri Jomini
Capabilities, Roles, and Missions
The Air Force Special Operations Command (AFSOC) maintains a fleet of AC-130H
and AC-130U model gunships to provide airborne precision fire support to ground-based special operations forces, and other U.S. and multinational ground forces as required. The H models were built during the Vietnam era, while the newer U models were built in the 1990s. These heavily armed aircraft incorporate side-firing weapons integrated with sophisticated sensors, navigation and fire control systems to provide surgical firepower or area saturation during extended periods, at night or in adverse weather conditions. operations where non-lethal air force applications do not appear to be a departure from the normal evolution of air power. 8 They give an example in the Gulf War when Iraqi MiG aircraft were parked provocatively, as a bating tactic, in front of an ancient mosque.
To attack such a target with conventional high-explosive weapons was "out of the question" because of collateral damage to the temple. There also existed a broad range of targets in close vicinity to temples monuments and buildings, particularly those of cultural and religious symbolic importance, which could have been targeted with nonlethal weapons. 9 That alternative gives command decision makers more flexibility in the force-application stage, enabling them to service targets that would otherwise not be attacked.
Notes
THE TECHNOLOGY
Today, a new arms race may be about to dawn on the planet--a push for weapons that minimize, rather than maximize, lethality.
-Alvin and Heidi Toffler
The theory and application of non-lethal weapons is not new; weapons such as incapacitant gases and plastic and rubber bullets have been around for many years. 
Weapons Inventory
Non-lethal weapons are traditionally placed into two categories, anti-personnel and anti-material, in order to optimize some of their intrinsic potential. Anti-personnel nonlethal technologies target humans by nondestructive means and have the capabilities to temporary disorientation, calm or stun personnel, immobilize personnel, and sensory impairment.
Anti-Personnel Technologies 3
Acoustics -The objective of anti-personnel acoustic weapons is not predominantly to create untenable sound, but rather, to pulsate the targeted people physically. There are three levels of acoustic frequencies that might be applied as weapons: infrasonic, audible sound, and ultrasound. Infrasonic is at the low end of the spectrum (below 50 Hz) that can disorient or cause nausea in personnel. The distress is reported to be temporary and stops when the acoustic source is stopped. Due to the low frequency, it is very difficult to screen out and can penetrate inside buildings and objects. Audible sound, in the frequencies from 20 to 20,000 hertz, can be applied to influence behavior as most people are sensitive to very loud noise. Ultrasound, frequencies above 20 kilohertz, is well known to the medical community. Although no hazard has been identified with diagnostic ultrasound, people exposed to moderate dosages reported noticeable heating effects that could lead to injury. 4 There are many military and law enforcement applications for acoustic weapons. In civil disturbances and peace support operations, there is a need to gain control of violent situations with minimal force. These weapons can be used to drive people away from a selected area or to enforce a safety zone between troops or police and potential attackers. The disadvantages associated with acoustic weapons are injury, seizures and possible fratricide. While most acoustic work has focused on anti-personnel applications, some work has been done on anti-material weapons.
Chemicals -Non-lethal chemical technology generally includes agents that induce sleep or produce irritation. The military and law enforcement uses for chemical agents include disabling individuals, large groupings of individuals or assembled troops. The most common of these agents are riot control agents which are used around the world.
Although civilians tend to think of them collectively as tear gas, these can affect many human functions, causing tearing, nausea, vomiting, and sometimes pain in the form of a burning sensation. The effective, quick-acting effects of these chemicals can be used to disrupt military operations or as a means to achieve temporary military advantages.
Optical -A family of low energy lasers which disrupt human vision or optical sensors such as night vision devices, target acquisition devices, or range finding equipment. These low powered lasers can temporarily or permanently damage optic nerves in humans rendering the individual "temporarily" blind. Directed Energy-High Power Microwave (HPM) -Systems that produce microwave radiation. They are considered anti-material weapons but have significant anti-personnel capabilities as well. Some of these HPMs are able to produce a variety of effects on humans to include increasing levels of pain, incapacitation, and disorientation. This is a fast growth area with research on-going. Tactical directed energy systems, such as high powered microwave weapons that shoot photons rather than bullets, will change the battle field forever.
Anti-material Technologies 7
Anti-material non-lethal technologies produce the disruption or the limited destruction of material systems and equipment. These weapons are capable of blinding optical sensors and targeting devices, disabling electronics in equipment, preventing the movement of vehicles including aircraft, and causing computer driven systems failure or inducing operating error malfunctions. Biochemists all over the world are working on developing new and improved organisms and compounds. The very bad news is that these agents are becoming relatively easy to acquire and could easily be in the hands of an adversary. 
Electromagnetic Pulse (EMP) and High Power Microwave (HPM) -
The Connection
To win one hundred victories in one hundred battles is not the acme of skill. To subdue the enemy without fighting is the acme of skill...
-Sun Tzu
The options provided to military leadership remain highly lethal for the most part.
Troops are sent into peace-enforcement and peacekeeping missions armed and supported only with lethal options. If peaceful intervention fails, they have but one option and that's the use of lethal weapons. Non-lethal weapons have applications across the whole force spectrum, including close arrest situations, counter-terrorism, anti-drug operations, military operations in urban terrain, peace-enforcement/peacekeeping activities, and conventional war. Non-lethal weapons coupled with a gunship platform may provide military commanders with more options to resolve situations without resorting to lethal methods, so that force is applied proportional to the threat.
Chapter two addressed the AC-130 Gunship's involvement in past conflicts and it's missions, weapons, and capabilities. Given the scope of this research, this chapter will primarily address currently available NLW which can be adapted to the gunship's current weapons and electromagnetic equipment. AFSOC will very likely integrate current and/or more advance NLW into their future gunship platform. Certain inherent limitations of an airborne platform such as weight, available space, power availability, minimum standoff altitude, and difficulty of integration, may restrict non-lethal weapons options. The AC-130 Gunship is a unique platform, and although many limitations still exist, its accurate weapon systems, size, loiter time, roles and missions contributes favorably to making it an ideal candidate for non-lethal weapons application. In addition, its weapons' accuracy rivals those of smart bombs launched from fighter aircraft. Nonlethal weapons on a gunship type platform could provide commanders a full range of weaponry that can prevent the escalation of conditions requiring more lethal force.
AC-130 Weapons and NLW Technology Compatibility 1
The key weapons systems and equipment on existing gunships which could probably accommodate current NLW technologies, with comparatively little modification to the non-lethal technology or the gunship, are its 25-mm, 40-mm, and 105-mm guns, and the Laser Target Designator Range-finder.
25-mm, 40-mm, and 105-mm Guns
These existing NLW technologies appear be the most compatible with the AC-130 guns. Some modifications to the technology may be needed, such as resizing the nonlethal munitions to be compatible with the gunship's 25, 40 or 105-mm guns.
Shroud Round: Tank, artillery, or aircraft-delivered munitions that explodes milliseconds before impacting their intended target then forming a polymer sheet that is reinforced with a fine aluminum wire mesh. The effect is a weapon that envelopes its target much like an octopus, wrapping it in the polymer sheet and thus shorting out its communication and optics and choking its engines. The maximum ground to ground range is currently about ten kilometers.
Optical Flash munitions: 40-mm shells filled with plastic dye laser rods. Used to blind electro-optics sensors and enemy personnel.
40-mm (M203):
A shell containing multiple rubber, sponge, or foam balls. 
Chemical and Biological munitions:
81-mm and 120-mm:
Rounds which are capable of delivering long range non-lethal payloads. The effect is to cause disorientation and distraction among a crowd in a targeted area. These non-lethal rounds flight performances will closely match the aerodynamics, ballistics, firing tables and propellant loads of the rounds in inventory.
105-mm EMP munitions:
Once technical production challenges are overcome, an explosive-driven EMP will be packed into weapons-delivery systems possible as small as a 105-mm Howitzer round.
Laser Target Designator Range-finder (LTDR)
Some NLW technology, such as directed energy, may be applicable to gunships with slight modifications to the gunship's LTDR.
Directed-Energy (DE):
Any coherent or concentrated energy source. The effect is the burning, cracking, distortion, or impairment of conventional or unconventional weapons and equipment. In people, these technologies can be attenuated to invoke stammer, confusion, and coma or cause temporary or permanent blindness.
Future Weapons
As the use of non-lethal weapons increases and it becomes valid and acceptable, more options will become available. These are some potential non-lethal devices which could be incorporated onto the AC-130 Gunship platform of the future, or after significant improvements/modifications to the current platform.
Airborne Tactical Laser (ATL):
A counter material system with a welding torch effect. Its application is to disable/neutralize facilities, equipment, vehicles or vessels. It also has the capability of being used as a missile defense systems.
High-power Microwave (HPM):
Designed to disrupt brainwave patterns, communications, or any electronic component of a machine. The effect is confusion, stupor, or coma in people or animals, and the disruption, scrambling, or jamming of electronics.
Active Denial System (ADS):
A special transmitter that fires a two-second burst of focused microwave energy causing burning sensations on the skin. The beam penetrates just beneath the skin's surface at a depth of about 1/64 th of an inch.
High-Power Radio Frequency (RF):
Electromagnetic energy employment of sound waves in a coherent or concentrated form against various targets. The effect is the shattering of metal or composite materials on war equipment and buildings.
Infra-sound Acoustics: Very low frequency sound generators that might be tuned to incapacitate personnel. These devices could be very effective against personnel in buildings, caves, or underground facilities.
Conclusions and Recommendations
Those skilled in war subdue the enemy's army without battle. They capture his cities without assaulting them and overthrow his state without protracted operations.
-Sun Tzu
Summary of Findings
Non-lethal weapons have the potential to fill the void in situations where traditional weapons of minimum force are ineffective, and deadly force is inappropriate. These weapons, when properly employed, should significantly reduce lethal effects. However, there is no guarantee of "zero" fatalities or permanent injuries. It is also undisputedly the best airborne weapon system for providing close air support during Military Operations Other Than War. Incorporating non-lethal weapons on that platform to compliment its outstanding lethal weapons capability appears to be feasible and highly desirable. Having the right tools to execute missions in volatile and dangerous situations, enhances the probability for success; non-lethal weapons provide that enhanced capability.
Precision and Repeatable Effects
7
Recommendations
There are several gaps that must be filled if non-lethal weapons are going to be a permanent part of AFSOC's AC-130 Gunships' arsenal.
The NLW weapons and technology which currently exist and appear to be relatively adaptable to the gunship's existing weapons systems, need to be analyzed in greater depth and then tested extensively to answer questions of altitude and range effects, environmental concerns, accuracy, and handling and storage issues. The benefit to this cross-utilization approach is reduced cost for pre-existing technology which are being developed and used by other organizations in both the military and civilian sector.
Given the competition for funding and resource scarcity within the military, AFSOC and USSOCOM need to team up with the JNLWD to leverage their efforts and pursue opportunities to acquire and test NLW. Modification of existing gunship weaponry should be a focus of a longer-term effort. Modeling and simulation can provide an idea of the benefits or tradeoffs of integrating specific NLW onto the gunship platform.
For longer-term efforts, RDT&E and procurement program elements (PEs) can be established for gunship unique NLW technology. AFSOC needs to exploit the development and use of NLW tailored specifically for the gunship and compatible with the numerous missions which it's capable of performing. This not only benefits the current airframe, but the results can also be applied to the advance concept platform, the AC-XXX Gunship.
Technical feasibility, operational utility, policy acceptability, training, and safety all require further careful evaluation prior to developing and integrating NLW on AC-130
Gunships for employment.
Doctrine and training need to be initiated and this effort will need to expand and address issues beyond the military services to include foreign and civil initiatives. History has shown that it normally takes twenty years to develop a new operational doctrine after the introduction of a new technology. 8 Finally, the need for non-lethal weapons in AFSOC must be clearly substantiated.
Other agencies with similar desires and abilities may not be fully aware of the capabilities of the gunship, and the desires of AFSOC to be involved in the NLW business. An active advocacy for possible future non-lethal gunship capabilities and its contribution to warfighting strategies needs to be publicized.
This non-lethal effort is principally relevant in peace-enforcement and peacekeeping, where even the most judicious application of lethal force may be damaging. As General Glossary
